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THIS PUBLICATION MAY BE USED BY PERSONNEL RENDERING 
SERVICE TO THE UNITED STATES OR ITS ALLIES 





Paragraph 5.d. of Army Regulation 380-5 relative to the handling of “restricted” 
printed matter is quoted below. 


d. Dissemination of restricted matter—The information contained 
in restricted documents and the essential characteristics of restricted 
material may be given to any person known to be in the service of the 
United States and to persons of undoubted loyalty and discretion who 
are cooperating in Government work, but will not be communicated 
to the public or to the press except by authorized military public 
relations agencies.” 





This permits the issue of “restricted” publications to civilian contract and 
other accredited schools engaged in training personnel for Government work, 
to civilian concerns contracting for overhaul and repair of aircraft or aircraft 
accessories, and to similar commercial organizations. 
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WEIGHT and BALANCE CONTROL RECORD 


WEIGHT AIRPLANE MODEL 


and BALANCE SERIAL NO. 


OFFICERS 


MFR. SERIAL No. 


DATE DATE DATE DATE 
ASSIGNED RELIEVED ASSIGNED RELIEVED 
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wi It is important to remember that the records for 


each aircraftare different, anddata listed in the form 
provided herein apply only to the individual airplane 
whose serial number appears on both the title page 
and the Weight and Balance Control Record Sheet. 


This book must remain in the data case of the air- 


plane whose serial number appears on the title page. 


FOR AAF 


It is as much an integral part of the ship’s records as 
PERSONNEL eee eee — 
its Form No. 1. This is required by AAF Regulation 
55-3 and is to be adhered to by all activities. 
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The familiar steelyard scale demonstrates the 
fundamental principle of weight and balance. 














3 


pound 
pounds een 


In an airplane, like the steelyard scale, proportion is secured by placing 


the various load items at the right distance from the center of balance. 
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WEIGHT AND BALANCE MANUAL 


SECTION-1 A INTRODUCTION 


The day is past whena pilot flies by the seat of his pants. One by one the de- 
cisions that were made by intuition or hunches have been taken over by an or- 
derly system based on knowledge and understanding. The invariable result has 
been greater safety and operating efficiency. 


The loading of aircraft, especially heavy aircraft, isno exception, The ever- 
changing conditions of modern plane operation, resulting in more and more com- 
plex combinations of cargo, fuel, crew, and armament, have outmoded old rule 
of thumb methods. The necessity for getting the utmost in efficiency out of any 
given flight has highlighted the need for a precise system of control over the 
weight and balance of aircraft. Rapidly changing conditions require the greatest 
flexibility from all types of airplanes, and rigid methods, incapable of meeting 
the ever-changing requirements of modern operations, are completely inadequate. 


Improper loading, at best, cuts down the efficiency of an airplane from the 
standpoint of ceiling, maneuverability, rate of climb, and speed. At worst, it can 
be the cause of failure to complete a flight, or for that matter, failure even to 
start it, with probable loss of life and destruction of valuable equipment, because 
of abnormal stresses it can place upon the airplane’s structure or because of 


changed flying characteristics of the airplane. 


The purpose of this Handbook is to provide 
a standardized and simple method for comput- 
ing the correct loading of an airplane and also 
to create apermanent record of these data for 


the benefit of subsequent operators and pilots. 
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EFFECT OF IMPROPER LOADING 


STRUCTURAL 





OVERLOADING 


1, Causes a higher stalling 
speed. 


2, Always results in lowering 
of airplane structural safety 
factors which may be critical 


during rough air or take-offs 
from poor fields. 


3. Reduces maneuverability. 
4, Increases take-off run. 


5. Lowers angle and rate-of- 
climb. 


6. Decreases ceiling. 

7. Increases fuel consumption 
for given speed (decrease in 
miles per gallon), 


8. Lowers tire factors. 









NOSE HEAVY 


CG TOO FAR FORWARD 


1. Increases fuel consumption 
(less range). 


2, Increases power for given 
speed, 


3. Tends to increase dive be- 
yond control. 


4, Might cause critical condi- 
tion during flap operation. 


5, Increases difficulty in get- 
ting tail down during landing. 


6. Overstresses nose wheel. 


7, Results in dangerous condi- 
tion if tail structure is dam- 
aged or surface is shot away. 
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TAIL HEAVY 


CG TOO FAR AFT 


1, Creates neutrally stable to 
unstable condition. 


2. Increases stall tendency. 


3. Definitely limits low power; 


might affect long range optimum 


speed adversely. 


4, Decreases speed, 


5. Decreases range, 


6. Increases pilot strain in in- 
strument flying. 


7. Results in a dangerous con- 
dition if tail structure is dam- 
aged or surface is shot away. 
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PRINCIPLES OF BALANCE 


The theory of aircraft weight and balance is extremely simple. It is that of 
the old familiar steelyard scale whichis in equilibrium or balance when it rests 
on the fulcrum in a level position, It is apparent that the influence of weight is 
directly dependent on its distance from the fulcrum and that the weight must be 
distributed so that the turning effect is the same on one side of the fulcrum as 
on the other. A heavy weight near the fulcrum has the same effect as a lighter 
weight farther out on the bar. The distance of any object from the fulcrum is 


called its arm, This distance, or arm, multiplied by the weight of the object is 
its turning effect, or moment, exerted about the fulcrum. 





WEIGHT X ARM = "MOMENT" 





WEIGHT 4 Ibs WEIGHT 1 lb. 








The Moment of both of 
these weights is 8 in.-Ibs 





2x4 Ibs = 8 in.-lbs 8x1 lb =8 in.-lbs 






Similarly, an airplane is balanced when it remains level if suspended at a 
certain definite point or ideal center of gravity (cg) location. Unlike a steelyard, 
it is not necessary that an airplane balance so that it is perfectly level, but it 
must be reasonably close to it, This allowable variation is called the cg range 
and the exact location, which is always near the forward part of the wing, is 
specified for each airplane model, Obtaining this balance 
is simply a matter of placing loads sothat the average arm 
of the loaded airplanefalls within this allowable cg range. 
Heavy loads near the wing location can be balanced by 
much lighter loads atthe noseor tailofthe airplane. The 


moments determine this exactly. 
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In practice, it has been found desirable to measure all distances from an 
arbitrary reference datum line at or near the nose of the airplane. By meas- 
uring arms in the same direction all moments become positive, thus eliminating 
possible errors in adding plus and minus moments that result from a reference 


datum line located within the limits of the airplane. 


When the total moment about this reference datum line is divided by the total 
weight, the resulting arm is the distance to the center of balance, or center of 
gravity, from the reference datum line. This would be the location of the ful- 
crum as illustrated below on the balanced steelyard scale. If the cg falls within 
the cg limits, expressed as forward limit and aft limit, the loading is satisfac- 
tory. If not, the load must be shifted until the cg does fall within the limits. 


le ARBITRARY REFERENCE DATUM LINE 


LIMITS 
FWD AFT 





ACTUAL CG 


For flight, since the wing supports the airplane’s weight, it is obvious that 
the cg must remain within safe allowable limits; otherwise, the tail surfaces 
could not properly control the path of flight. These limits are determined by 
actual test flight. Limits are usually expressed as a percentage of the mean 
aerodynamic chord of the wing (% M.A.C.). However, for weight and balance 
purposes, and in this Handbook, the limits are given in inches from the refer- 


ence datum line. 
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To obtain the gross weight and the cg location of the loaded airplane, it is 
necessary first to know the basic weight and the cg location of the airplane. 
This may be found by weighing the airplane as described in section 2. This 
weighing should be with the airplane in its basic condition; that is, with fixed 
normal equipment which is actually present in the airplane, less fuel, 
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“ARM" OF 
FRONT WHEEL 


ARM (in inches) X WEIGHT (in pounds) = MOMENT 





When the weight, arm, and moment of the basic airplane are known, it is not 
a difficult matter tocompute the effect of fuel, crew, cargo, armament, and ex- 
pendable weight as they are added. This is done by adding all the moments of 
these additional items to the total moment found by weighing the airplane and 
dividing by the sum of the basic weight and the weight of these additional items. 
This gives the cg for the newly loaded airplane. This calculation can be per- 
formed by arithmetic, by loading graphs, or by a balance computer. 
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LOADING GRAPHS 


Loading graphs and detailed instructions for their use are included in sec- 
tion 7 of this Handbook to provide an easy means of determining the loaded cg 


position of the airplane. These graphs are intended for use when the balance 


computer is not available. 


BALANCE COMPUTERS 

To simplify the work of determining the loaded cg of the airplane, a balance 
computer is provided for certaintypes ofairplanes, such asbombers, transports 
and patrol bombers, which may be easily unbalanced by improper loading, and 
which carry such a large number of variable load items that calculation of their 
loaded cg by arithmetic or with the aid of loading graphs might be a somewhat 
lengthy and tedious process. There have been several types of computers 
used for this purpose; however, the Load Adjuster has been adopted as the 
standard computer for both the Army and the Navy. Instructions for using the 


Load Adjuster are included in Appendix I of this Handbook. 
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DEFINITIONS 


The following definitions will serve as standardized terminology for all data in 
the practical application of this system. It is important to know them thoroughly. 


WEIGHT. - The weight is 16 ounces per pound, avoir - 
dupois weight. All weights are to be calculated to the 
nearest whole pound. 


BASIC WEIGHT. - The weight of the airplane, in- 
cluding all equipment that has a fixed location and is 
actually present in the airplane; that is, air frame; 
power plant and accessories; trapped fuel and oil; full 
hydraulic, cooling and anti-icing fluid systems and 
reservoirs; armor plate, ordnance (less ammunition 
and bombs); chemical, navigation, oxygen, pyrotech- 
nics, and radio equipment. It never includes items 
commonly referred to as ‘‘disposable.”’ 


NOTE: The basic weight of an airplane varies 
with modifications and changes in the fixed 
equipment. This is not to be confused with 
empty weight which is a dry weight with cer- 
taincontract equipment only. The term ‘“‘basic 
weight,’’ when qualified with a word indicating 
the type of mission, such as ‘“‘basic weight for 
combat, for ferry, for transport, etc.,’’ may be 
used in conjunction with directives stating what 
the equipment shall be for these missions; for 
example, extrafuel tanks and various items of 
equipment installed for long range ferry flights 
but not normally carried on combat missions 
which will bein ‘‘Basic Weight for Ferry’’ but 
not in ‘‘Basic Weight for Combat.”’ 


GROSS WEIGHT. - The total weight of an airplane 
and its contents. 


REFERENCE DATUM LINE. - An imaginary vertical 
line at or near the nose of the airplane. Its location 
is chosen by the manufacturer as a standard line from 
which all horizontal distances are measured for bal- 
ance purposes. Diagrams of each airplane show this 
reference line as zero. 


ARM. - For balance purposes, arm is the horizontal 
distance in inches from the reference datum line to 


the cg of the item. 


Y¥f times ITEM WEIGHT = ITEM MOMENT 





MOMENT. - The weight of an item multiplied by its 
arm. 


AVERAGE ARM. - Averagearm or location is obtained 
by adding the weights and the moments of a number of 
items, and dividing the total moment by the total 
weight. 


BASIC MOMENT. - The sum of the moments of all 
items making up the basic weight. When using data 
from an actual weighing of an airplane, the basic mo- 
ment is the sum of the moments around the reference 
datum line. For simplicity, it is permissible todivide 
the moment by a constant so as to reduce the number 
of digits. If this is done, the same constant must be 
used consistently for all computations, and must be 
indicated in the moment columnon charts A, B,and C. 


CENTER OF GRAVITY. - The point about which an 
airplane would balance if suspended. Its distance from 
the reference datum line is found by dividing the total 
moment by the gross weight of the airplane. 


CG LIMITS. - The range of movement whichthe cg can 
have without making the airplane unsafe to fly. It is 
determined by actual test flights. The cg of the loaded 
airplane must be within these limits at take-off, in the 
air and on landing. In some special cases a ‘‘Landing 
Limit’’ is specified. On loading graphs the cg limits 
are indicated by cg limit lines, In all cases, the cg 
condition should be checked for landing without fuel 
and bombs. 


LOADING RANGE. - The safe cg location under any 
load condition. It is shown on the balance computer 
as the white section labeled ‘‘Loading Range.” 


TARE. - Weight of equipment necessary for weighing 
the airplane (chocks, blocks, slings, jacks, etc.) which 
has been included in the scale readings but is not a 
part of the basic weight. 


BALANCE COMPUTER INDEX. - A number repre- 
senting the moment which, when considered in con- 
junction with the weight, gives the cg position. 


qkiweh. 


TOTAL MOMENT 


SS TTT - (axcmtole Wile) 
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RECORD OF STRUCTURAL CHANGES 
HISTORY OF AIRPLANE CHANGE: 
AFFECTING WEIGHT A, 





Ss AND MODIFICATIONS 
ND BALANCE 


CHART 
B 


eeun 
AIRPLANE MODEL 


. 
ARM — Distonce, in inches, from = 


MOMENT — Weight ~ Distance, in inchen, from f a 















a 
SERIAL NO. 




















These are the three charts 
and forms which are neces- 
sary in order to. keep an ac- 
curate record of Basic Weight. 
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SECTION: 2 


A CHARTS and FORMS e ® 6 6 


Any systematic operation inwhichrecords are kept requires the use of charts 
and forms. This system is no exception. They are not, as might be suspected, 
designed to harass the operator witha blizzard of paper work, but rather to 
provide him with organized data with which to do his job. 


There are only two parts to the weight and balance problem. In the first 
place, one must have correct information as to the ever-essential beginning 
point - the basic weight and moment. Secondly, balance must be maintained 
within safe limits with the addition of load. Thefirst partis controlled by three 
charts, A, B, and C, whichare contained within the Handbook proper. The sec- 
ond part is performed on the balance computer or by means of loading graphs for 
the particular airplane and is then tabulated on a clearance form, occasionally 
including a supplement, 

CHART A - Basic Weight Check List is a list of all items of 
fixed operating equipment that may at some time be installed 
in the aircraft in a definite location. It gives the weight and 
moment of the individual item for use in making changes in the 
basic airplane. Whencheck marks are entered in the columns, 


it serves as a list of equipment included in basic weight and 


, 1) moment. 


CHART B - Record of Structural Changes is provided to pre- 
serve a record of the modifications and changes in weight not 


indicated by definite items on chart A. 


CHART C - The Log (Basic Weight and Balance Record) pro- 
vides a standard work sheet upon which toenter the changes in 
the basic weight and thus maintain a record of the current sta- 
tus of the basic airplane. 
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BALANCE CLEARANCE 


MISSION. 
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TOTAL WT. & INDEX (Uncorrected) 








Corrections (If required) 








TAKE - OFF WEIGHT & INDEX 


LIMITS 
Recommended Max. Take-off Gross Weight 
Recommended Max. Landing Gross Weight 












COMPUTED BY 
APPROVED BY 
PILOT 
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Detailed instructions for filling in each of the charts mentioned will be found 
printed on the page preceding the first sheet of each set. 




















Charts A, B, and C should be checked 
and brought up to date as follows: 





When the airplane is received at a new base. 
b, When modifications or structural changes are made. 
c. When the airplane has a major overhaul or engine change. 


d. When changes in equipment are made for a different type 
of operation or mission, 


io) 


. When a pilot reports tail or nose heaviness in flight. 


eh 


. When it is suspected that the forms are not up to date. 
When the airplane is reweighed. 


To use a balance computer or loading graph satisfactorily, the total of variable load in each 
compartment must be known and tabulated. This may be done in detail on Form F-1 and the 


compartment totals then entered on Form F., 


Form F is thesummary of the actual disposition of load in the aircraft and records the balance 
status step by step. It is necessary to accomplish Form F prior to flight whenever an airplane 
is loaded in a manner for which no previous tabulation is available. 


Form F-1 is a standard means for the ground crew to list in detail the items actually loaded 
in each compartment so that the pilot or weight and balance officer will have figures for checking 
the compartment totals. It may be used also as a form on which to list equipment requirements 


to aid loading crews in laying plans for the movement of groups of similar aircraft. 


Commanding officers will prescribe the disposition of Forms F and F-1. However, it is rec- 
ommended that one copy of each form completedfor the current basic weight remain in the Hand- 
book with that airplane. This will be an aid to personnel responsible for later loadings. 


Form F is supplied as an expendable pad which can be replaced from stock when exhausted. 
These pads are loose leaf and have provisions for making duplicate copies. All original sheets 
are perforated along the binding edge and may be removed to serve as a certificate of proper 
balance, carrying the signature of responsibility, There will be found attached to the Form F 


pad a supply of Forms F-1 for use as needed, 
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ACTUAL WEIGHING OF AIRPLANE 


The airplane must be weighed ina closed hangar, in the following manner: 


Thoroughly clean the airplane inside and out. Check the airplane equipment 
against chart A and correct the chart as necessary so as to itemize accurately 
all items of fixed operating equipment that will be included in the basic weight 
to be determined by the weighing. See that the date at the top of the CHECK 


column corresponds with the date entered on the weighing form and final entry 
posted in the log, chart C. 


Bombs, ammunition, cargo, crew members, and equipment not having a fixed 
location are not to be listed as a part of chart A and are not to be in the air- 
plane when weighed, Reservoirs for drinking and washing water, hydraulic, 
anti-icer, and cooling fluids, etc,, should be filled to capacity prior to weighing. 
Engine oil and fuel (except trapped) are not items of basic weight. Fuel and 
oil tanks should be drained using only tank drains, with the airplane in its nor- 


mal groundattitude. 


After the airplane is prepared for weighing as statedabove, place calibrated 
scales of a suitable capacity under each wheel, Care must be exercised when 
placing a heavy airplane upon the platforms of scales because an abrupt appli- 
cation of the airplane’s weight may seriously disturb the calibration of the 
scales and cause inaccuracy. Brakes shall be released at all times while the 
airplane is on the scales, 


Level the airplane longitudinally and also laterally if possible. Usethe reg- 


ular airplane leveling lugs and a spirit level. 


Enter the scale readings onthe weighing form provided. Take measurements 
and compute the new basic weightand moment by completing the weighing forms, 


Enter the new basic weight and moment in the log, chart C, All subsequent 


airplane loadings will be based on these figures, 


FOR TAIL WHEEL AIRCRAFT © FOR NOSE WHEEL AIRCRAFT 





DIAGRAMS FOR MEASURING VARIOUS TYPES OF AIRPLANES TO DETERMINE ARM OF SUPPORT POINTS 
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AIRPLANE WEIGHING FORM 


DATE WEIGHED___CCCCCCCCTCTCUMODEL 


PLACE WEIGHED 


INSTRUCTIONS 

1. Enter scale readings in first column. 

. Subtract tare, if any, from scale reading to obtain 
net weight. 
. Determine the arms, E and F. 

4. Multiply the sub-total net weight of main wheels, 
and the net weight of nose or tail wheel, by their 
respective arms (dimensions E and F) to obtain their 
moments. 


. Add net weights and moments of the main wheels 
and nose or tail wheel. 


. Divide the total moment by the total net weight 
to obtain the cg position in inches from the refer- 
ence datum line (H). 


SERIAL No. 


WEIGHING OFFICER 


MEASUREMENTS 


. Distance from the jig point or frame to the center 


line of the main wheels. Obtained by measurements. 
Distance from reference datum line to some ac- 
cessible exterior jig point or frame of the airplane 
from which a plumb bob can be dropped to the 
ground. Obtain from diagram on balance computer 
or from Chart E. 


. Distance from reference datum line to center line 


of main wheels. 


b= 64-1 


. Wheel base. Obtain by measurement. 
. Distance from reference datum line to center line 


of nose or tail wheel. 
F — E — D (nose wheel airplane) 
F — E +- D (tail wheel airplane) 





ee eT co ee 
a =a aa 


Total of Basic Items Not i fe ng 
|| cee les |e 

BASIC AIRPLANE 

(Post to Chart C) 


*Post from upper chart to lower chart. 


**Subtract weight and moment in accordance with actual weighing instructions in the text. 


***Be absolutely sure these items are subsequently installed and checked off in chart A as actually being in the airplane. 
Applicable to the load adjusting computer. 


Total of Items Weighed but 
Not Part of Basic Weight. . 
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5-15-43 


AIRPLANE WEIGHING FORM 


DATE WEIGHED MODEL 


PLACE WEIGHED 


SCALE 


LEFT MAIN 


RIGHT MAIN 


SUB-TOTAL (Both Main) 
NOSE OR TAIL 


TOTAL (As Weighed) 


INSTRUCTIONS 


1. Enter scale readings in first column. 


. Subtract tare, if any, from scale reading to obtain 


net weight. I 


. Determine the arms, E and F. 


4. Multiply the sub-total net weight of main wheels, 
and the net weight of nose or tail wheel, by their 
respective arms (dimensions E and F) to obtain their 
moments. 

. Add net weights and moments of the main wheels 
and nose or tail wheel. 
. Divide the total moment by the total net weight 


to obtain the cg position in inches from the refer- 
ence datum line (H). 


SERIAL No. 


WEIGHING OFFICER 


NET 


MEASUREMENTS 


Distance from the jig point or frame to the center 
line of the main wheels. Obtained by measurements. 
Distance from reference datum line to some ac- 
cessible exterior jig point or frame of the airplane 
from which a plumb bob can be dropped to the 
ground. Obtain from diagram on balance computer 
or from Chart E. 


. Distance from reference datum line to center line 


of main wheels. 


Baa 841 


. Wheel base. Obtain by meastrement. 
. Distance from reference datum line to center line 


of nose or tail wheel. 
F — E — D (nose wheel airplane) 
F — E + D (tail wheel airplane) 


ats DESCRIPTION NET WEIGHT 


Pa. TOTAL (As Weighed) 
OIL IN AIRPLANE 


Total of Items Weighed but 
Not Part of Basic Weight. . 


*Post from upper chart to lower chart. 
**Subtract weight and moment in accordance with actual weighing inst 
***Be absolutely sure these items are subsequently installed and checked off in chart A as actually being in the airplane. 
MApplicable to the load adjusting computer. 
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Total of Basic Items Not in F 
Airplane when Weighed 5 
BASIC AIRPLANE 
(Post to Chart C) 


ructions in the text. 
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AIRPLANE WEIGHING FORM 


DATE WEIGHED____ SSS MODELL 


PLACE WEIGHED 


INSTRUCTIONS 
. Enter scale readings in first column. 
. Subtract tare, if any, from scale reading to obtain 
net weight. 
. Determine the arms, E and F. 

4. Multiply the sub-total net weight of main wheels, 
and the net weight of nose or tail wheel, by their 
respective arms (dimensions E and F) to obtain their 
moments. 

. Add net weights and moments of the main wheels 
and nose or tail wheel. 
. Divide the total moment by the total net weight 


to obtain the cg position in inches from the refer- 
ence datum line (H). 


SERIAL No. 


WEIGHING OFFICER 


MEASUREMENTS 


. Distance from the jig point or frame to the center 


line of the main wheels. Obtained by measurements. 
Distance from reference datum line to some ac- 
cessible exterior jig point or frame of the airplane 
from which a plumb bob can be dropped to the 
ground. Obtain from diagram on balance computer 
or from Chart E. 


. Distance from reference datum line to center line 


of main wheels, 


ca 8 4 


. Wheel base. Obtain by measurement. 
. Distance from reference datum line to center line 


of nose or tail wheel. 
F — E — D (nose wheel airplane) 
F — E + D (tail wheel airplane) 





BASIC AIRPLANE 
@ (Post to Chart C) 


yi DESCRIPTION NET WEIGHT an _| MOMENT @ INDEX 
Total of Items Weighed but =e 
Not Part of Basic Weight. . oe 
Total of Basic Items Not in j age 
Airplane when Weighed = ai ite 
*Post from upper chart to lower chart. 
**Subtract weight and moment in accordance with actual weighing instructions in the text. 


***Be absolutely sure these items are subsequently installed and checked off in chart A as actually being in the airplane. 
@Applicable to the load adjusting computer. 
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SECTION: 4 


A INSTRUCTIONS FOR USING CHART B 





This chart serves as an historical record of structural changes and the re- 
placement of major items such as engines, propellers, cowling, tires, ordnance 


installations, self-sealing fuel cells, etc., not covered by chart A. 


The manufacturer made no entries on this form unless modifications or 
changes were made after actually weighing and determining the basic weight 
and moment. Entries are to be made by a weight and balance officer or by an 
engineering officer at an overhaul or modification center as follows: 


Column 1 - Enter date of change. 


Column 2 - Enter sufficient description of change to identify it, including 


the authorizing change order number if applicable. 
Column 3 - Enter net weight increase or decrease (+ or - ). 


Column 4 - Enter arm (distance from reference datum line to the cg of the 
change). See chart E. 


Column 5 - Enter the moment increase or decrease (+ or - ). 


Transfer total weight and moment of each group of entries to chart C and 


make any necessary change on chart A. 


Thisform mayalso be used to list minor changes which are not great enough 
to justify changing the basic weight and moment. When the total number of 
small changes becomes appreciable, itmay be entered onchart C. This reduces 
the number of basic log entries without losing the accumulative effect of numer - 
ous small changes. 
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RECORD OF STRUCTURAL CHANGES CHART 


HISTORY OF AIRPLANE CHANGES AND MODIFICATIONS ie 
AFFECTING WEIGHT AND BALANCE 







AIRPLANE MODEL 






ARM = Distance, in inches, from Reference Datum Line 


MOMENT = Weight x Distance, in inches, from Reference Datum Line 






SERIAL NO. 


NET CHANGE + OR — 


DESCRIPTION OF MODIFICATION OR ALTERATION 
WEIGHT 
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RECORD OF STRUCTURAL CHANGES CHART 


HISTORY OF AIRPLANE CHANGES AND MODIFICATIONS & 
AFFECTING WEIGHT AND BALANCE 









ARM — Distance, in inches, from Reference Datum Line AIRPLANE MODEL 


MOMENT — Weight x Distance, in inches, from Reference Datum Line 





SERIAL NO. 


NET CHANGE + OR — 
wulonk MOMENT 


DESCRIPTION OF MODIFICATION OR ALTERATION 
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RECORD OF STRUCTURAL CHANGES CHART 


HISTORY OF AIRPLANE CHANGES AND MODIFICATIONS & 
AFFECTING WEIGHT AND BALANCE 


ARM = Distance, in inches, from Reference Datum Line RERPLANS RODE 


MOMENT = Weight x Distance, in inches, from Reference Datum Line 





SERIAL NO. 





NET CHANGE + OR — 
DATE DESCRIPTION OF MODIFICATION OR ALTERATION wancuT ar MOMENT 
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RECORD OF STRUCTURAL CHANGES CHART 


HISTORY OF AIRPLANE CHANGES AND MODIFICATIONS 
AFFECTING WEIGHT AND BALANCE 








ARM — Distance, in inches, from Reference Datum Line AISTURRE MOGEL 


MOMENT — Weight x Distance, in inches, from Reference Datum Line SERIAL NO. 


NET CHANGE -+ OR 
DESCRIPTION OF MODIFICATION OR ALTERATION 
WEIGHT ARM MOMENT 





DATE 
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RECORD OF STRUCTURAL CHANGES CHART 


HISTORY OF AIRPLANE CHANGES AND MODIFICATIONS is 
AFFECTING WEIGHT AND BALANCE 





ARM = Distance, in inches, from Reference Datum Line AIRPLANE MODEL 


MOMENT — Weight x Distance, in inches, from Reference Datum Line SERIAL NO. 


NET CHANGE + OR — 
DESCRIPTION OF MODIFICATION OR ALTERATION weiner | 
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SECTION: 6 


4 INSTRUCTIONS FOR USING FORM F 


1. Insert the necessary identifying information at the top of the form. 





2. Enter basic airplane weight and index at top of the left-hand column. Obtain these 
figures from the balance computer case data card or from the last entry on chart C. In 
case the figures do not agree, chart C is to be considered correct. 

3. Using the same compartment letter identification as shown on the back of the bal- 
ance computer, enter the crew and cargo weights for each compartment in the “ITEM” 
column, Enter each compartment total to the weight column. 

4. Enter the minimum landing gross weight (basic weight plus compartment loads). 
When paratroops are to be evacuated in flight, this landing gross weight will be reduced, 
and hence the cg position must be rechecked carefully. 

5. List the ammunition by compartment, giving the caliber and number of rounds, and 
enter weight in the weight column. 


6. List the number and size of bombs, torpedoes, etc., and enter the total weights in 
the weight column. 


7, List the amount and weight of the oil and enter weight in the weight column. 


8. List by tanks, the amount and weight of all fuel loaded. Group fuel tank nomencla- 
ture where possible. Enter the respective weights in the weight column. 


9. Enter ‘‘Recommended Max. Take-off Gross Weight’’ and “Recommended Max. Land- 
ing Gross Weight.” Obtain these figures from the table in chart E. 

10. Add the weight column and determine the gross weight. Check this figure against 
the gross weight allowable, and make any necessary changes or additions. 


11. By using the balance computer or loading graph, determine the loaded airplane’s 
balance in accordance with instructions. When the Load Adjuster is used, record in 


the index column the progressive movement of the indicator after each step. Shift load 
if required, and make changes or additions to the entries as necessary. 


12. Enter ‘‘Take-off Weight and Index.” 


13. Secure necessary approval and signatures at the bottom of Form F. 


RESTRICTED 

















RESTRICTED 
AN 01-1-40 


SECTION: 7 


A CHART E - LOADING GRAPHS 


The loading graphs in this section are intended to provide information nec- 
essary to work a balance problem for the airplane to which this Handbook is 


applicable, 


From the loading graphs or tables, weights and moments are obtained for 
all variable load items andare added arithmetically to the current basic weight 
and moment from chart C to obtainthe gross weight and moment. The center of 
gravity of the loaded airplane is represented by the intersection of the gross 
weight and moment lines on the cg graph or by a moment figure if tables are 
used. If the airplane is loaded within the forward and aft cg limits, the inter - 
section will fall between the limiting cg lines on the cg graph or if a table is 
used, the moment figure will fall numerically between the limiting moments. 
The effect on the cg of the expenditure in flight of items suchas fuel and bombs 
may be checked by subtracting the weights and moments of suchitems from the 
take-off gross weight and moment and replotting on the cg graph or checking 
the new total with the table. This check should be made to determine whether 
or not the cg will remain within the limits during the entire flight. 


If a balance computer is furnished with the airplane, it will not be necessary 
to use the loading graphs. 
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APPENDIX _| 


A INSTRUCTIONS FOR USING THE LOAD ADJUSTER 








The Load Adjuster consists of a base,a slide, a transparent indicator that moves 
across the face, a carrying case anda clip which is fastened in the airplane to pro- 
vide stowage for the Load Adjuster and case, The device is merely a computer 
which simplifies the determination of an airplane’s cg location under any given 
loading arrangement. The movement of the transparent indicator represents the 
actual shift of the cg as load conditions change. 


Each Load Adjuster is designed for a particular type or model of airplane. The 
scales, diagram, and information shown on its face are intended to give an operator 
all the essential information needed to work a balance problem for the airplane to 
which it applies. | 
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The front face of the slide contains the working scales for 
fuel, oil, bombs, compartments that may carry loads, and for 
movements of crew. The fixed section above the slide shows 
the airplane’s cg limits in color so as to be easily understood, 
The section below the slide has one scale, calledan index scale, 
for location of the starting point for the balance calculation. 


The front face only is essential for working out a balance 
problem. The remaining faces are utilized for pertinent data 
such as instructions, conversion scale for weight, ammunition 
weights, a plan view of the airplane showing compartmentation, 
location of equipment and measurements, The back of the slide 
carries scales for obtaining the basic index using the basic 


weight and moment taken from chart C. 


Several points must be borne in mind. The balance limits 
shown in color are the guide to safe operation. Any loading 
where the indicator finally rests in the white section is con- 
sidered safe,no matter how the fuel, bombs, or other expendable 
loads are used or dropped, The yellow section indicates the 
effect of expendable load on balance in flight. Thus, an initial 
loading in the white section will remain safe during flight. 
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The following sample instructions will clarify and illustrate the use ofa 
Load Adjuster. 


For the purpose of this problem we will assume that the basic weight of the 
airplane is 23,860 pounds and that the basic index is 16.8. These figures are 
normally obtained from a card beneath a transparent window on the back of the 
load adjuster case. They can be obtained also from chart C, where they are 


the last figures shown in the weight and index columns, 
A typical load distribution and gross weight calculation is as follows: 


(Not applicable to any particular airplane) 


Load Items Subtotal Total Weight 


Basic airplane 23,860 
Oil (82 U.S. gallons) 615 
Fuel (900 U.S. gallons) 5,400 
Bomb load: 

Forward bay (20 rd 100 lb each) 

Rear bay (15 rd 100 lb each) 4,200 


Nose compartment: 
Bombardier 
Ammunition (300 rd .50 caliber) 


Pilot’s compartment: 
Pilot and copilot 
Miscel equipment (maps, etc.) 


Radio compartment: 
Radio operator and navigator 


Deck turret compartment: 
Gunner 
Ammunition (1000 rd .50 caliber) 


Camera compartment: 
Special equipment 


Tail compartment: 
Special equipment 
Ammunition (600 rd .50 caliber) 


GROSS WEIGHT 





The gross weight of 36,435 pounds is within gross weight 
limits for this model airplane, so the loading is satis- 


factory for flight as far as weight alone is concerned, 
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To determine whether the balance is within safe limits, use the Load Adjuster that applies 
to the particular airplane being loaded and proceed as follows: 








3 uscas STATION LOADS 
BALANCE LIMITS = p — Ee ps = 2a ee 


30 1200 1500 woo Les ) EZ — 
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Fw, ToReenos <0> 
YELLOW SECTION —~ ALLOWABLE 5 aes (O} 


euor 
R nay DECK 8) =, 
RED SECTION —~+ MANDATORY TO 12 585 Gs eit NOSE _RAQIO er Tait OF el” sho “ado "3bo” ato” ah 
READJUST LOAD = PILOT 


RA 
CREW CHANGE ~ ONE MAN ~ 200 4es 

















A VIEW B Set indicator on oe , airplane index 16.8 and move slide to the zero mark on the 


“OIL scale, as shown in view B. 





2 STATION LOADS 
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A VIEW ¢C Move indicator until the hairline is over 82 on the "U. S. GALS." scale. This adds the 
balance moment of 82 U. S. gallons of oil, as loaded in the airplane's oil tanks, and 
& moves the index to 14.8, as illustrated in view C. 
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_#ig 0 TAIL 
CAMERA 
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rN VIEW E Move indicator until the hairline is over 900 on the "U. S. GALS." scale. This adds 
_ the balance moment of 900 U. S. gallons of fuel, as loaded in the airplane's tanks, 
and moves the index to 25.5, as shown in view E. 
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a G Move indicator until the hairline is over 2,400 on the "F'W'D/TORPEDOES" scale. 
This adds the balance moment of 2,400 pounds of bombs, as loaded in the forward 
‘bomb bay, and moves the index to 27.8, as illustrated in view G. 
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A View I 





Move indicator until the hairline is over 1,800 on the "REAR" bomb bay scale. This 
adds the balance moment of 1,800 pounds of bombs, as loaded in the rear bomb 
bay, and moves the index to 48.0 as shown in view I. 
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Move indicator until the hairline is over 300 on the "NOSE" compartment scale. This 
adds the balance moment of the bombardier gnd ammunition in the nose compart- 
ment and moves the index to 41.1, as shown in view K. 





LOADING 
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A VIEW M 


Move indicator until the hairline is over 450 on the "PILOT" scale. This adds the 
balance moment of the two pilots and 50 pounds of miscellaneous equipment and 
moves the index to 34.0, as illustrated in view M. : 
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LOADING 


EIGHT OF AMMUNITION 








naw 
RADIO 
PILOT CAMERA 
GREW CHANGE = ONE MAN = 200 LBS 


WEIGHT PER 100 ROS. WEIGHT PER 10 RDS. 








30 CAL = 6.5.LBS. 20 MM. = 65 LBS. 
303 CAL. = 66 LBS 37 MM: =20.7 LBS. 





50 CAL. =300 LBS 





A view N 





Set slide to the compartment zero line, as shown in view N. 
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A VIEW O 





Move iidledtor until the hairline is over 400 on the "RADIO" scale. This adds the 


balance moment of the radio operator and the navigator and moves the index to 


30.7, as shown in view O. 
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30 CAL. = 6.5 LBS. 20 MM = 65.L8S 
303 CAL. = 6.6 LBS 37 MM =20.7 LBS. 
50 CAL. 300 Les. 


WEIGHT PER 10 ROS 








A VIEW Q 





Move indicator until the hairline is over 530 on the "DECK TURRET" scale. This 
adds the balance moment of a gunner and 1,000 rounds of .50 caliber ammunition 
and moves the index to 41.2, as illustrated in view Q. 


RESTRICTED 























RESTRICTED 
AN 01-1-40 











Eas O 


WEIGHT PER 10 RDS, 
camera 

.5 LBS. 20 MM. = 65 LBS. 

2 bb 37 MM. =20,7 LBS, 





Tai 





PILOT CAMER: 
CREW CHANGE = ONE MAN = 200 LBS 





A VIEW R 





or 
does © OL : 
) a ’ x wo <0> = WEIGHT PER 10 ROS. 
puor é Se aace uawae? 
gro Taper rae Qe Te hoo se ale ab 7 : ee ete 
at ee nap ; 
i 


CREW CHANGE = ONE MAN = 200 L8S Oar 











A VIEW S 





Move indicator until the hairline is over 350 on the "CAMERA" scale. This adds the 
balance moment of 350 pounds of special equipment loaded in the camera com- 
partment and moves the index to 51.4, as illustrated in view S. 
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LOADING 
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AS view U Move indicator until the hairline is over 330 on the "TAIL" scale. This adds the 
balance moment of 130 pounds of special equipment and 600 rounds of .50 caliber 
ammunition, as loaded in the tail of the airplane, and completes the calculation of 
the balance moments of all items as initially loaded in the airplane. It has moved 
the airplane index to 63.6, as shown in view U. 


Adding the weights of all items loaded in the airplane (for this sample problem only) 
shows the gross load of the airplane within allowable limits, and, as far as gross 
weight alone is concerned, the airplane is satisfactory for flight. However, the 
indicator hairline is located in the red area of the loading range scale, which means 
that it is mandatory to shift some of the load before take-off. 


This “out-of-balance" condition may be corrected by shifting a member of the crew, 
or some of the load, from an aft to a forward position in the airplane, the amount 
of shift required being predetermined by a trial shift of load on the Load Adjuster. 
In this sample case, shifting 150 pounds of cargo from the camera compartment into 
the nose behind the navigator's seat and 125 pounds from the camera compartment 
into the pilot's compartment behind the pilot's seat, will bring the airplane balance 
within the most desirable center of gravity limits. This is determined in the following 


manner: 
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yx VIEW Vv With the indicator hairline remaining on the last index setting (63.6), move the slide 
until 150 on the “CAMERA" scale is under the hairline, as shown in view V. a 
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yx VIEW W) Move indicator until the hairline is over 150 on the "NOSE" scale. This changes the 
balance moment of 150 pounds of cargo from the camera compartment to the nose 
compartment and moves the airplane index to 55.7, as shown in view W. 
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Move indicator until the hairline is over 125 on the "PILOT" scale. This changes the 
balance moment of 125 pounds of cargo from the camera compartment to the 
pilot's compartment and moves the airplane index to 50.2, as shown in view Y. 
The airplane is now within safe cg limits. 


Although loading in the yellow section of the loading range scale is satisfactory 
for flight and does not necessitate shifting of load before take-off, best performance 
and range may be obtained by loading the airplane so that the hairline will fall as near 
the center of the white area of the loading range scale as possible. Operation with 
the hairline in the yellow section is subject to any limitation noted therein. 


Emergency loadings that fall outside the load adjuster loading range should be 
checked against the applicable grid by a weight and balance officer. 


Never shift or dispose of any load without predetermining (by means of the Load 
Adjuster) that the balance will remain within allowable limits after the change is made. 
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The process of determining basic index from actual weighing figures or from the weights 
and moments given in chart C can be accomplished in two ways: 


1. By using the formula given on the inside frame of the Load Adjuster, or 
2. By using the index determination scales on the back of the load adjuster slide. 


The second method simplifies the problem considerably, as all figuring is eliminated. The 
operation is as follows: 





EXAMPLE A: Basic weight—23,860 Ib. 
Basic moment—5,702,751 inch-pounds 
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A view Z Use the back side of the Load Adjuster slide. Move the indicator until the hairline 
is over the arrow at 0" index. Move slide until basic weight, 23,860, is under hairline 
as shown in view Z. 
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A VIEW AA Move indicator until hairline is over 5,703 on the moment/1,000 scale. Read the 


index (16.8) on the bottom index scale of the load adjuster frame under the hairline. 


The possible ranges in basic weight and moment/!,000 make it necessary to use 
scales approximately two times the length of the computer. To fit the back of the slide, 
they have been divided into two strips. If the basic weight and moment /1,000 do not 
both occur on one scale, it is necessary to use the two scales, as follows: 


EXAMPLE B: Basic weight—23,040 Ib. 
Basic moment—5,569,725 inch-pounds 





LOADING 








WEIGHT OF AMMUNITION 





WEIGHT PER 100 ROS WEIGHT PER 10 ROS. 
30 CAL = 65 LBS. 20 MM. = 65 LBS. 
303 CAL. = 6.6 LBS 37 MM 20,7 LBS. 
50 CAL. =300 L8S. 

















A VIEW AB Move indicator until hairline is over the arrow at "0" index. Move slide until basic 


50 


weight (23,040 Ib.) is under the hairline, as shown in view AB. 


RESTRICTED 





RESTRICTED 
AN 01-1-40 








INSTRUCTIONS WEIGHT OF AMMUNITION 
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PICATOR HAIRLINE @ WE HAIRLINE ALWAYS INDICATES THE CENTER OF GRAVITY POSITION. 303 CAL. = 6.6 LBS 37 MM. 20.7 LBS. 
50 CAL, =300 LBs 
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A VIEW ee Move indicator until hairline is over 5,500 on the right-hand end of the top scale, 


as shown in view AC. 
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A VIEW AD Move slide until 5,500 on the bottom moment/1,000 scale is under the hairline, 


as illustrated in view AD. 

















BASIC WEIGHT 24.200 | 300° 
WHITE SECTIG MOMENT/1000 4850 430 


YELLOW SECTI 














yx VIEW AE Move indicator until hairline is over 5,570, as shown in view AE. Read the index (24.5) 


under the hairline at the bottom of the frame. 
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